performance during lactation. Thus strictly speaking, the deAnimal models make an important contribution to undersign of such experiments is hierarchical, with dams nested standing the mechanisms whereby nutrition supports optimal within treatments and pups nested within litters. Notwithhuman development. This is because studies conducted in humans often may be susceptible to factors such as bias or constanding, it is not uncommon for published research in this founding due to the fact that ethical considerations preclude area to fail to take the effects of litter into account with respect the inclusion of the appropriate control measures. In view of to the design and execution of such studies. Findings are often the ease with which they breed, and their relatively short based on analyses conducted on individual pups from a very gestation period, animals such as pigs or rodents (e.g., rats and small number of litters, in some cases no more than two! mice) are often the species of choice in studies of this type.
Moreover, another issue that arises in the context of the litter However, one important difference between these species and is that maternal variables may confound the interpretation of humans is that the animals are normally multiparous, i.e., a the treatment effect, such that effects observed in the pups in single pregnancy results in the birth of more than one offspring, fact may be due to the effects of the treatment on the health termed collectively as a litter. Therefore, for the conclusions of the dam. There is also the concern in longitudinal studies drawn from such studies to be considered valid, it is important of this type that differential mortality and/or inappropriate that factors relating to litters be taken into account both in sampling procedures with respect to litter might lead to biased the design of the study and in the statistical analysis of the results. Exhaustive discussion of these issues is available from data. Although this has become the norm in fields such as various sources in the literature, (e.g., Wainwright and Ward toxicology, where the teratogenic potential of drugs or other 1997, Zorrilla 1997) and the following is intended merely to environmental agents is an important consideration (Tilson provide a summary overview, dealing first with issues of design 1992), it appears to be an issue that often is overlooked in and then of analysis. developmental nutritional studies. The purpose of this article Design. As in all experimental studies, random assignment therefore is to present the relevant arguments with the intent of pregnant animals to dietary treatment groups is a prerequiof increasing awareness of this topic in the community of site for eliminating potential sources of bias at the outset of nutritional researchers. the study. But nonetheless the possibility remains that the Generally the type of research question addressed by these beneficial effects of randomization might be compromised due studies is the relationship between particular levels of a dietary differential mortality or ''drop-out'' of subjects during the nutrient (ranging from deficiency to excess) during the prenacourse of the experiment. As an example of this, consider a tal and preweaning period and various developmental outstudy on the effects of deficiency of a specific nutrient on birth comes, usually measured longitudinally from birth until weanweight in two strains of mice. In this study, animals of strain ing or beyond. Typically, in such studies, although the out-A are significantly heavier at birth than those of strain B, come is measured in the offspring, the treatment is suggesting that strain B is more sensitive to the growth-reimplemented through random assignment of the pregnant and tarding effects of the treatment. However, there is also a siglactating dam to diets of different composition. In using this nificant reduction in litter size in the treated dams of strain approach, however, it is important to be aware that it is highly A. This would suggest that the pups weighed at birth represent likely that animals within a litter will tend to resemble each only the healthiest offspring of this strain, whereas, in contrast, other to a greater degree than will animals from different litthose from strain B represent the full range of the effects of ters, i.e., there is a potential for correlation among observations treatment. Thus by taking the effects on litter size into acwithin a litter. Examples of factors that will contribute to these count, one is led to the opposite interpretation that it is in similarities within a litter are those related either to genetic fact strain A that is more sensitive to the in utero nutritional inheritance or to maternal environment, such as, for example, deficiency. Moreover, it is not possible in this instance to intrauterine environment and/or factors related to maternal determine whether the effects are direct effects of the treatment on the developing offspring or indirect effects mediated through effects of the treatment on maternal physiology. To 
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/ 4w33$$4147 02-05-98 22:53:13 nutra LP: J Nut March ments of appropriate endpoints in both the dams and their to a sample size of 50. Simulation studies, using both MonteCarlo techniques as well as actual data, indicate that litter offspring. Similar concerns apply when the treatment interval includes not only gestation, but also lactation, where the dam effects are substantial and that the net result of this inflation of the sample size, even in the limiting case of taking measuresuckles her own pups. Sometimes, in the case of studies of postnatal nutritional interventions, it is possible to circumvent ments on only two pups per litter, is to inflate the a level and hence increase the probability of a Type 1 error such that one this by feeding the offspring directly, as in the feeding of artificial milk substitutes to rat pups through indwelling gastrostomy may falsely claim statistical significance for the effects shown (Holson and Pearce 1992). Biostatisticians advise various ways tubes or in the hand rearing by bottle feeding of piglets. But the variation related to the litter of origin of the pups still of dealing with this. The most conservative approach is that of including litter as a random nested factor in the analysis, cannot be ignored in the design of such studies. As an example, consider a study in bottle-fed piglets where the control and which besides controlling for litter effects, also allows one to assesses their significance. Alternatively, other multilevel experimental group each consist of a separate litter with 10 piglets in each litter. In such a case, it is clear the effects of analytical approaches can be used that first assess the degree of correlation in the data and then adjust the analysis accordingly treatment are completely inseparable from the effects of litter. Thus to control for litter-effects in these types of artificial (Lefkopoulou et al. 1989) . Another approach is to use only one score per litter, either a litter mean score based on the rearing studies, it is imperative that at the outset of the study animals from any one litter be assigned randomly to each of the average of some subset of pups that are tested in the litter or the score of a single animal per litter. Because it is rarely treatment groups. A similar concern obtains in developmental studies using litters where the effects of the treatment are practical to obtain outcome measures on all offspring in a litter, this two-stage sampling procedure is fairly common, where first assessed longitudinally at various time points. Very often the descriptions of the sampling procedures used in these studies a random sample of pregnant dams is assigned to treatment and then a second random sample of one or more treated pups are not explicit with respect to how animals are sampled from litters, and it is in fact possible that in some cases entire litters is assessed with respect to outcome. But this is not to say that this approach is without its problems, these being specifically a may have provided the sample at each of the time points, such that the effects of age may be biased by the effects of litter. reduction in power related to increased variability of measures based on a single animal. This can be offset to some extent The best approach in such instances is to equate litter size at birth, usually with equal representation of males and females by averaging across more than one score per litter and thereby decreasing the influence of outliers. But, given that measureand then to select randomly one animal of each gender from each litter at each time point. One concern in using this ments per pup are usually labor and/or resource intensive and that increasing the number of pups measured in a litter does procedure is that litter size will be introduced as a potential source of bias because it in turn will decrease over time. This not increase the sample size (if based correctly on the number of litters), the question then becomes of how to maximize can be prevented by keeping spare litters of ''replacement pups'' of the same age to equalize litter size across time, as long power for the same amount of effort expended in testing the pups. Again, simulations comparing effects on power of averagas these pups are suitably identified so that they cannot be to ned to generate data for the study.
ing across pups within a litter with that of testing the same number of pups, but each from different litters, indicate that Statistical analysis. Consideration of the probability of ''type 1'' and ''type 2'' errors are integral to the validity of one obtains greater power with the latter approach that uses a larger numbers of litters (Holson and Pearce 1992). conclusions based on the statistical analysis of the data. The probability of type 1 error is set by the experimenter as the a One obvious disadvantage of testing only one pup per litter is that one then is faced with the decision of how level and is the probability of falsely rejecting the null hypothesis, i.e., claiming an effect when there is none. Type 2 error to use the remaining pups. But this can be turned into an advantage, by providing the opportunity to extend one's ob-(b) is the probability of failing to identify a true effect, and is related inversely to the power of the experiment. Power (1-servations, for example, by measuring outcomes in both a male and female from each litter to identify gender by treatb) in turn is defined as the probability of identifying correctly an effect of a specified size, usually expressed in terms of ''effect ment interactions or by measuring multiple outcomes, using different animals for each outcome. But one concern associsize'', i.e., the absolute difference between the groups, divided by the standard deviation of the measure. The decision about ated with multiple comparisons among groups, and particularly in an experiment that includes multiple measures, is the magnitude of effect sought depends on the judgement of the experimenter, based on an understanding of ''real-world'' inflation of the a level, where a certain proportion of these outcomes may be significantly different by chance (also context. Power is related to the effect size and the sample size, such that the larger the difference between the groups, the known as ''experiment-wise'' error). There are various ways of controlling for this statistically. The approach usually taken is smaller the variance, and the larger the sample size the greater the power. Power is also related to the a level, in that, for a that of using more conservative procedures to compare the groups, such as Tukey or Bonferroni t tests, that adjust the a given effect size and sample size, as the a level becomes more stringent, e.g., changes from 0.05 to 0.01, this change is accomlevel for the number of tests being conducted. The drawback associated with this is a concomitant decrease in power. A panied by an increase in the probability of a Type 2 error, and hence a decrease in power.
more powerful alternative approach is that of designating a discrete set of questions (no more than the degree of freedom) A major problem associated with the analysis of studies of this type is spurious inflation of the sample size (inflated n), based on the experimental hypothesis being tested, and to address only these questions using preplanned comparisons where, although the litter is the unit randomly assigned to treatment, there is the temptation to consider each pup as an (Cook and Farewell 1996) . In some cases, repeated measures can be useful, as for example, in the case of the longitudinal independent unit, and hence to base the estimate of withingroup variance on the number of pups rather than on the design described above, where one animal from each litter in a group is observed at each time point, the data would be number of litters. Thus for example, in a study with five litters per group, with 10 pups per litter, the correct sample size is analyzed as repeated measures on litter, where the treatment by time interaction would provide an indication of differences five, but using the individual pup as the statistical unit leads interpreted as ''no effect,'' rather than as an indication of Stat. Assoc. 84: 810-815. Tilson, H. A. (1992) Study design considerations in developmental neurotoxilow power, which is of particular concern when issues related cology. to the safety of the treatment are at stake. 
